In this series of projects of sequencing human cDNA clones which correspond to relatively long transcripts, we newly determined the entire sequences of 100 cDNA clones which were screened on the basis of the potentiality of coding for large proteins in vitro. The cDNA libraries used were the fractions with average insert sizes from 5.3 to 7.0 kb of the size-fractionated cDNA libraries from human brain. The randomly sampled clones were single-pass sequenced from both the ends to select clones that are not registered in the public database. Then their protein-coding potentialities were examined by an in vitro transcription/translation system, and the clones that generated proteins larger than 60 kDa were entirely sequenced. Each clone gave a distinct open reading frame (ORF), and the length of the ORF was roughly coincident with the approximate molecular mass of the in vitro product estimated from its mobility on SDS-polyacrylamide gel electrophoresis. The average size of the cDNA clones sequenced was 6.1 kb, and that of the ORFs corresponded to 1200 amino acid residues. By computer-assisted analysis of the sequences with DNA and protein-motif databases (GenBank and PROSITE databases), the functions of at least 73% of the gene products could be anticipated, and 88% of them (the products of 64 clones) were assigned to the functional categories of proteins relating to cell signaling/communication, nucleic acid managing, and cell structure/motility. The expression profiles in a variety of tissues and chromosomal locations of the sequenced clones have been determined. According to the expression spectra, approximately 11 genes appeared to be predominantly expressed in brain. Most of the remaining genes were categorized into one of the following classes: either the expression occurs in a limited number of tissues (31 genes) or the expression occurs ubiquitously in all but a few tissues (47 genes).
Introduction
selective characterization of cDNA clones corresponding to long transcripts should be an effective approach to To accumulate information on the protein-coding se-discover new genes of biological importance, quences of unidentified human genes, we have implei n the preceding paper, we constructed a set of mented a project for sequencing the entire cDNA clones size-fractionated cDNA libraries from human brain and which are derived from relatively long transcripts. 1 We demonstrated that an in vitro transcription/translation previously surveyed annotations of the entries of large system could be used for selection of cDNA clones enproteins (> 1000 amino acid residues) in the public coding large proteins. 2 We now report the coding sedatabases, and found that, even though the number of quences of 100 new cDNA clones selected on the bathe entries is not large, more than 80% of large proteins s j s o f the protein-coding potentiality in vitro. cDNA in the databases are closely related to biologically im-clones were randomly sampled from the size-fractionated portant functions including some disorders in mammals. 2 libraries from human brain, unidentified clones were seSince the coding capacity of cDNA increases with its size, l ec ted on the basis of their terminal sequences, the clones Communicated by Mituru Takanami encoding large proteins were further selected by analysis * To whom correspondence should be addressed. Tel. +81-438-of the protein-coding potentialities in the in vitro sys-52-3913, Fax. +81-438-52-3914, E-mail: ohara@kazusa.or.jp tern, and the clones that gave the in vitro products larger than 60 kDa were entirely sequenced. Each clone gave a distinct open reading frame (ORF), and the length of the ORF was roughly coincident with the approximate molecular mass of the in vitro product estimated from its mobility on SDS-polyacrylamide gel electrophoresis (PAGE). The sequences of the predicted proteins were computer searched against the databases of protein primary structures and motifs, and the function of 73% of the gene products could be anticipated from annotations of known entries in the databases.
Materials and Methods

The source and screening of cDNA clones
cDNA clones were randomly selected from fractions 4 to 6 (average insert size = 5.3, 6.1, and 7.0 kb) of the size-fractionated cDNA libraries from human brain previously constructed. 2 All the clones were subjected to single-pass sequencing from both the ends using M13 forward and reverse primers. The terminal sequences were computer searched using the MPSRCH program 3 against a subset of the GenBank database (release 93.0) which contained primate DNA sequences but no expression sequence tags (ESTs), and those with scores of lower than 250 were categorized "unregistered." The coding potentiality of cDNA clones carrying unregistered sequences at both the ends were examined using in vitro transcription/translation analysis. 2 Prestained protein size markers (molecular masses from 202 kDa to 6.9 kDa; Kaleidoscope size markers from Bio-Rad Laboratories, USA) were used to estimate the apparent molecular masses of the in vitro products. Since multiple discrete bands are usually generated from a single clone (see Fig. 5 in ref. 2), the size of the largest band was estimated, and the clones gaving products larger than 60 kDa on SDS-PAGE were entirely sequenced by methods described previously.
Similarity analysis of the predicted protein-coding
sequences The entire cDNA sequences deduced were routinely analyzed with the GCG software package. 4 The similarity of the predicted coding sequences to known ones was examined using the FASTA program against the non-redundant protein database, OWL (release 29.1), and further checked by the GAP program. The motif search was performed by the MOTIFS program using the PROSITE database (release 13.0).
Expression profiles of the sequenced cDNA clones
The expression profiles of the cDNA clones sequenced in various tissues were monitored by reverse transcription followed by the polymerase chain reaction (RT-PCR). The cDNA templates for RT-PCR were synthesized from 1 jdg of human poly (A)+ RNA (CLON-TECH Laboratories, Inc., USA) using excess amounts of Superscript II reverse transcriptase (Gibco BRL, USA) and random hexamer primers. After synthesis of the first-strand cDNA, the remaining RNA in the reaction mixture was degraded with RNase A, and the resulting cDNA templates were recovered by phenol extraction followed by ethanol precipitation. An aliquot of the cDNA template mixture [2 /A, corresponding to 1 ng of the starting poly (A)
+ RNA] was subjected to PCR using LA Taq DNA polymerase (0.5 units, Takara Shuzo Co., Ltd., Japan) in 10 jA with the DNA Thermal Cycler PJ9600 (Perkin Elmer, USA) and a set of primers specific to a gene of interest. As a positive control, a primer set for the glyceraldehyde-3-phosphate dehydrogenase (G3PDH) gene was used. Unless otherwise stated, the thermal cycling conditions used were as follows: The first denaturation at 95 °C for 1 min; 30 cycles of 0.5-min denaturation at 95 °C, 0.5-min primer annealing at 55°C
, and 1-min polymerization at 72 °C; and the last extension at 72 °C for 6 min. To check the efficiencies of PCR for individual genes, control reactions were conducted in which the PCR products were generated from serial dilutions of each cDNA clone (0.1 fg to 1 pg in 10 fA PCR mixture). The whole PCR products were loaded on 2.5% NuSieve GTG agarose gel (FMC BioProducts, USA) and detected by fluorescent staining with ethidium bromide. The gel images were recorded with a gel print 2000i/VGA (Biolmage, USA). The PCR primer sets specific to individual genes were identical to those used for radiation hybrid mapping.
2.4-Chromosomal location
The cDNA clones entirely sequenced were mapped along chromosomes by using the GeneBridge 4 radiation hybrid panel (Research Genetics, Inc., USA). The details of the experimental conditions for the radiation hybrid mapping of respective clones are described elsewhere. The software for analysis of the results of the panel was obtained via ftp at ftp://genome.wi.mit. edu/distribution/software/rhmapper/.
Results and Discussion
Sequence analyses and prediction of the proteincoding regions of cDNA clones
Starting from the randomly sampled cDNA clones from the size-fractionated cDNA libraries of human brain, the clones to be sequenced were screened by the following two steps: (1) Selection of unidentified cDNA clones by comparison of the single-pass sequences from both the ends with the primate DNA sequences except for ESTs registered in the database. Approximately 80% of the randomly sampled clones were sorted to the unregistered class, and approximately 20% of the non-redundant unregistered clones were found to have the potentiality of coding for proteins larger than 60 kDa. The entire sequences of the finally selected clones were deduced, and their sequence features were analyzed by computer. In addition, the chromosomal mapping of the sequenced clones using the radiation-hybrid panel and analysis of their expression profiles in 14 different tissues were performed. Physical maps of the 100 cDNA clones analyzed are shown in Fig. 1 , where the ORFs and the first ATG codons in respective ORFs are indicated by solid boxes and triangles, respectively. Table 1 lists the lengths of inserts, the ORF lengths, the apparent molecular masses of the largest in vitro products for respective cDNA clones, and the chromosomal locations of the respective clones. The average size of the cDNA inserts was 6.1 kb and that of the predicted ORFs corresponded to 1200 amino acid residues. Although we listed the bands of the molecular masses larger than 100 kDa as > 100 kDa in Table 1 because of inaccuracy of the estimation, the values deduced from their relative mobilities on SDS-PAGE appeared to roughly coincide with the length of ORFs within a range of estimation errors. The result indicated that the selection of cDNA clones based on analysis of the in vitro products works well and eliminates those carrying short ORFs. The in-frame termination codons upstream of the first ATG codon were identified in 49 clones, in which 34 clones carried the ATG codon within the contexts of Kozak's rule: RNNATGG, RNNATGY, and YNNATGG, where R and Y indicate purine and pyrimidine residues, respectively, and ATG codons are underlined. In Fig. 1 , such ATG codons surrounded by the contexts of Kozak's rule 5 are shown by solid triangles. In the remaining clones (51 clones), the in-frame termination codons were not identified in the 5'-untranslated region (5'-UTR), whereas distinct protein products were generated in the in vitro system. The presence of in-frame termination codons in the 5'-UTR is not necessary for the translation initiation, but the possibility remains that either the upstream UTR from the first ATG codon has been truncated or initiation from the internal ATG sites of the truncated or 5'-intron-retaining clones was induced in the in vitro system. 6 
Functional classification of the predicted gene products
The gene products newly predicted were tentatively sorted into the following six functional categories (1 to 6), and those of unclassified (7), and no clue (8) on the basis of similarity to known proteins or protein motifs linked to certain functions: The results of analysis are summarized in Table 2 , which lists the name of database files which gave the highest score in the similarity queries, the identity of amino acid sequences and the sequence length from which the identity was deduced. The overall degree of similarity was also indicated by dividing them into nearly "identical" (> 90% to entries of human proteins), "homologous" (> 90% to non-human protein entries), "related" (30-90% to any entries) and "weakly related" classes (< 30% to any entries). Note that the identical class includes seven clones whose sequences were reported during the preparation of this paper. The sequence comparison of these clones with the reported proteins suggests that some of the products were originated by alternative splicing.
The distribution of the predicted gene products in the six functional classes seems to be essentially in agreement with that of the entries of large proteins (> 1000 amino acid residues) in the database of human proteins. Other sequence features noteworthy are summarized below.
1. Eleven out of 21 genes which were classified into category 2 (nucleic acid managing) coded for DNAbinding proteins carrying zinc finger motifs.
2. Only one gene (KIAA0361) was assigned to category 6 (metabolism). Furthermore, this gene product showed similarity to prokaryotic protein entries. The rare occurrence of metabolic enzymes is consistent with the search data of the large protein entries in the database.
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[Vol. 4, in the database. This may be due to the fact that such molecules of biological interest have been preferentially investigated to date. On the other hand, this study allowed us to identify seven gene products which are involved in the G-protein-mediated signal transduction system. This value is considerably high, compared with that in the large protein entries in the database.
The complete sequence catalog of the protein components in budding yeast is now available (non-redundant 6023 yeast protein sequences retrieved via ftp at ftp://genome-ftp.stanford.edu/pub/yeast/yeast-ORFs). Thus, the protein sequences predicted in this paper were compared with those in this database, and only 4 genes (KIAA0325, 0357, 0361 and 0389) were found to have significant similarities to yeast proteins over the 50% region of the entire query sequences. As listed in Table 2 , three of them were motor proteins, dynein (KIAA0325 and 0357) and myosin (KIAA0389), which are known to be highly conserved during the evolution of eukaryotic organisms, and the remaining one (KIAA0361) was the metabolic enzyme mentioned previously. We noted that many of the gene products predicted in this paper carried some sequences which showed significant similarities to yeast proteins but the lengths of the similarity regions were short relative to the query sequences. As far as the protein sequences reported here are concerned, the counterparts of at least 96% of the human gene products appear to be absent in the unicellular eukaryotic organism.
Expression profiles of the predicted genes
The steady-state levels of individual mRNAs in 14 different tissues were analyzed by the RT-PCR method. To examine the fidelity of this method, we compared the expression patterns using three representative genes, which exhibited ubiquitous, tissue-specific and very low expression patterns by Northern analysis (lower panels in Fig. 2A , B, and C). As shown in the upper panels of Fig. 2A , B, and C, the RT-PCR method produces expression patterns comparable to those by Northern analysis. The result also demonstrated that the sensitivity of the former method is higher than that of the latter under the conditions employed. The possibility of generating PCR products from contaminated genomic DNA in the original poly (A) + RNA preparations was excluded by PCR with a primer set from split exons and also by an experiment in which the reverse transcription step was omitted.
The quantitative measurement of mRNA levels by RT-PCR, however, requires careful control experiments for each gene, because the quantifiable range of RT-PCR is relatively narrow, and the efficiency of amplification is significantly influenced by the sequences of the primer ) and very weak expression (C: KIAA0276 9 ) were analyzed by RT-PCR (upper in each panel) and Northern blotting (lower in each panel). Lane 1, heart;2, brain; 3, placenta; 4, lung; 5, liver; 6, skeletal muscle; 7, kidney; 8, pancreas; 9, spleen; 10, thymus; 11, prostate; 12, testis; 13, ovary; 14, small intestine. For Northern analysis, cDNA fragments were randomly labeled as probes and hybridization was carried out as described previously.
1 Human MTN blots were purchased from CLONTECH laboratories, Inc. (USA). set used. 7 For practical purposes, in this study, we used the RT-PCR analysis as a rough means of distinguishing the tissues which express a gene of interest from those in which it remains dormant, and the band intensities generated from varying amounts of the cDNA clone carrying this gene are indicated in Fig. 3, lanes 1-5 , for compari- S81601  A54602  U17195  D87467  X87904  D5OO5O  LI 1373  U08377  U07000  JX0338  U55258  A47283  LI 1373  U12772  U45479  P46578  U67326  S51620  P04217  S50193  U46024  U58203  U58203  P30999  U66702  L32832  U65898  P55200  L35032  U61157  X86691  P51593  U57317  L41834   P15620   D87685  U42554  Q01611  U51640  S59069  L46583  U48364  U47742  U5O315  D86975  S64942  A44159  M58526  S07571  P26039  S64572  158139  P02463  Z80941  U32574  P11171 The expression profiles of individual transcripts in 14 different tissues are shown in Fig. 3 . As mentioned above, the efficiency of amplification by RT-PCR is influenced by the primer sequences used -it is not possible to simply compare the band intensities among different genes -but those obtained with the same primer set should provide information on the mRNA levels in different tissues. The expression profiles of the genes analyzed could be categorized into the following classes: The genes predominantly expressed in brain (11 genes: KIAA0299, 0311. 0316, 0319, 0322, 0358, 0363, 0369, 0374, 0378, and 0390), the genes expressed in a limited number of tissues (31 genes), and the genes which were expressed ubiquitously in most tissues but which were not expressed at all in a few tissues (47 genes). The proportion of genes exhibiting the ubiquitous expression throughout the tissues was fairly low (11 genes). This is in sharp contrast to the genes previously identified with the cDNA libraries of a human myeloid cell line KG-1, most of which showed ubiquitous expression. As a control, the expression profile of a typical ubiquitous gene, the G3PDH gene, is shown at the bottom of Fig. 3 . The sensitivity of detection by RT-PCR is much higher than that by Northern analysis; therefore, the genes which were expressed only in brain seem to be more strictly shut off in other tissues when analyzed by RT-PCR.
The actual primer sequences used for PCR are available through the World Wide Web at http: //www.kazusa.or.jp.
